The rapidly increasing demand for mobile broadband traffic drives the need for even more capacity from cellular networks. Multiple Input Multiple Output (MIMO) technology is a key element of modern wireless communication standard including Long Term Evolution (LTE) and WiMAX. MIMO systems are used to improve the robustness of data transmission, to increase data rate, to improve capacity and other aspects of network performance. In the absence of line of sight (LOS) between the mobile receiver station (MS) and the base station (BS), the localization of the BS is very important. The Direction of Arrival (DOA) algorithms can estimate the incident angles of all the received signals impinging on the array. These algorithms give the DOAs of all the relevant signals of the user sources and interference sources. Yet, they are not capable of distinguish and identify which one is the direction of the desired user. In this paper, a reference signal is known by the transmitter and the receiver is proposed to identify which one of the estimated DOAs is the direction of the desired user in the cell. With the aid of such reference signal and applying the correlation concept, the DOA algorithms can distinguish the direction of the desired signal from the others. This concept was applied to the MUltiple SIgnal Classification (MUSIC), ROOT MUSIC, and Minimum Variance Distortion less Response (MVDR) algorithms. Moreover, the Affine Projection Algorithm (APA) is classified as a fast adaptive filter was implemented in this paper to enhance the accuracy of the estimated direction and to form a beam towards the desired user and nulls towards interferes. Extensive simulation results assure that in the presence of the proposed reference signal, the DOAs algorithms can identify the direction of the desired user with high accuracy and resolution. ‫ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ‬ ‫ــــــــــــــــــــــــــــــــــــ‬ ‫ــــــــــــ‬ * Egyptian Armed Forces
techniques [7] . The second category is the subspace based techniques. These techniques build the DOA estimation based on the received data. There are two main algorithms of this category [8] . The first algorithm is the MUSIC algorithm which is based on the decomposition of the eigenvalues of the estimated correlation matrix of the received signal. The second algorithm is the Estimation of Signal Parameters via Rotational Invariance Technique (ESPRIT) which uses the signal subspace to estimate the DOAs [9] . The third category is the Maximum Likelihood (ML) techniques. These techniques have high computational complexities which make them less popular. Noted that ML techniques have advantages over other techniques in the cases of low Signal to Noise Ratio (SNR) levels and highly correlated signals. The last category is the integrated techniques which mix the subspace-based techniques with the property of restoral. Adaptive beam forming techniques are used for enhancing the desired users signal while suppressing the noise and the interference at the array output by using adaptive smart antenna systems. The radiation pattern is dynamically controlled to perform a beam steering to the desired user direction and generating a null steering toward the interfering signal [10] . In [11] the Affine Projection Algorithm (APA) was implemented to enhance the accuracy of the estimated direction due to its fast convergence rate, fast tracking and low steady state error and a continuation to this work the APA algorithm is used in this paper as an adaptive beam forming algorithm to generate a beam towards the desired user in the cellular network and nulls towards the others. The main contributions of this paper can be summarized as follows:  The cross correlation concept is applied to the single input multiple output (SIMO) OFDM system with the aid of a reference signal to identify the DOA of the desired user in the cell.  An antenna's beam-forming algorithm was implemented in order to suppress the interfering signals from the desired user signal. This is achieved by generating a main beam towards the desired user direction and nulls towards the other interfering signals.  The impact of low SNR on the accuracy of the MVDR, MUSIC, and the Root MUSIC algorithms at different SNR below 0 dB is investigated.
The rest of this paper is organized as following. Section II presents the SIMO-OFDM system model and introduces the DOA Algorithms. In section III the cross correlation concept is analytically derived. Section IV introduces the accuracy performance enhancement. Simulation results are presented and verified in section V before drawing the conclusions in section VI.
System Model:
Proceedings of the 11 th ICEENG Conference, 3-5 April, 2018 86 -CN 4 The received signal impinging on a uniform linear array (ULA) consisting of M identical and omnidirectional antenna elements with an incident angle θ is shown in Fig. 1 . Block 1 represents the DOA estimation Algorithm and block 2 represents the adaptive beam forming algorithm.
Figure (1): OFDM antenna receiver model for D users.
This signal will arrive at the M th elements with delay equals to
Where C the speed of light and d is the distance between two adjacent antenna array elements. Consider D numbers of signals are arriving to the antenna. The steering vector of the antenna can be expressed as [12] .
. . .
Where K is the wave length number.
The received signal by the antenna array elements can be expressed as
Which can be simplified into
Where ( ) is the data column vector received by the array, ( ) is the signal column vector generator by the sources and ( ) is a zero mean additive white noise vector. The
Proceedings of the 11 th ICEENG Conference, 3-5 April, 2018 86 -CN 5 development of the DOA estimation schemes is essentially can be achieved when forming and steering the array in one direction at a time and measure the output power. When the steered direction coincides with the DOA of a signal then the maximum output power will be observed [13] . A weight vector can be designed and then used to combine the data received by the array elements to form a single output signal ( ), which can be written as
Where H is the Hermitian operator. The total averaged output power out of an array over N snapshots can be expressed as
Where ̂ is the estimate of the data covariance matrix .
The array's response to the incoming signals can be controlled by adjusting the elements of weight vector . This process is referred to as spatial filtering or beamforming. This fundamental data matrix ̂ is used in all our description of DOA estimation algorithms. Many DOA estimation algorithms basically try to extract the information from this array data covariance matrix such as Minimum Variance Distortion less Response (MVDR), multiple signal classification (MUSIC) and Root MUSIC algorithms.
Mathematical Correlation Model:
One way to estimate the DOAs is to scan through the set of all possible steering vectors. Once the signals are separated with respect to their distinct DOAs, the desired user corresponding to these DOAs needs to be identified. For D signals, signals transmitted at angles , where = 1, 2, … , D. The steering vector of the signals received by the elements of the antenna array can be expressed as
The received signals by the antenna elements will be corrupted due to the presence of noise and the effect of the Rayleigh fading channels. Thus, the th received signals can be written as
Proceedings of the 11 th ICEENG Conference, 3-5 April, 2018 86 -CN 6 Furthermore, the true value of received angle will be deviated from the actual transmitted ones. Therefore these signals will be received at angles ̂, and the steering vectors according to these estimated angles can be written as
Where, (̂) is the new steering vector according to the estimated DOAs algorithm. Noted that, a threshold level is considered to limit the number of the resultant peaks in the MUSIC and MVDR algorithms. Yet, there is no need for it in the case of Root MUSIC.
The received data by the th array antenna element from a single output can be written as follows
Where represents the × 1 complex weighting vector and can be used to steer the array response to the direction of the incoming signals and can be written as
Then from equations (9) and (10), the output of the antenna array elements can be expressed as
Then, the decision statistics for the transmitted signals can be constructed as
Where ̂ represents the transmitted signals at the estimated directions obtained from the peaks resultant from the DOA algorithms. The desired user signal needs to be distinguished from the other received signals. Thus, one can use the cross correlation concept among these estimated signals received by the antenna array elements and the reference signal which is known to the transmitter and the receiver. This cross correlation concept is used to identify which one from the resultant peaks obtained by the DOA algorithms is the desired user. To this end, this cross correlation can be written as
where, * ( ) denotes the complex conjugate of the reference signal ( ) and is the lag. This cross correlation concept can be used to estimate how much the estimated 
From equation (14) as a result, the signal which has the largest correlation with the reference signal can be considered as the desired user signal and its steering vector can be used to represent the estimated desired user direction.
Accuracy Enhancement Performances:
The Affine Projection Algorithm (APA) is an adaptive filter algorithm that utilizes the gradient based method. This method employs the error vector instead of a scalar error which is used in Least Mean Square algorithm to adjust the variable step size [14] . The Wiener filter coefficient can be written as [15] ̂( ) = ∑ ℎ( ) ( − ) =0 (16) Where ( ) is the unit sample response of the finite impulse response (FIR) Wiener filter that process ( ), ( ). The error signal can be estimated as
Where ( ) is the error between the desired user signal and the actual output from the Wiener filter. The coefficients of the Wiener filter are obtained by minimizing the MSE which is considered as the optimum criteria for beam-forming and it can be written as
Then by solving the Wiener-Hopf, one can get
where is the covariance matrix of the input data matrix to the filter and is the cross-correlation vector between the input data vector ( ) and the training sequence ( ) result after using the filter coefficients to converge the data to their describe values. The coefficient vector recursion can be written as where 2 is a positive number proportional to M and inversely proportional to SNR, ≤ 2 and ( ) is an M×1 vector recursively. ( ) can be estimated as
where β is a smoothing factor, 0 ≤ ≤1.
Simulation Results:
In It can be seen that at values less than 0 dB as shown in figure (2b) the performance of the MUSIC and the MVDR algorithms are degraded causing an accuracy error of the measured angles of the incoming signals. Also, it was observed that the MUSIC algorithm outperforms the MVDR for SIMO-OFDM signals using four transmitted antennas from four users and 10 elements receiving antenna array. Table 1 summarizes the obtained estimated angles for the four mentioned OFDM signals by the MUSIC and MVDR algorithms at SNR = 0dB and SNR = -10dB. It was observed that after a threshold level is considered to limit the number of the resultant peaks, the MVDR algorithm estimates more interference signal than the exact transmitted signals (four OFDM transmitted signals) at both the SNR values. Yet, the MUSIC algorithm estimates more interference signals at SNR= -10 dB. The performance of both the MUSIC and the MVDR algorithm is degrades at SNR below 0 dB.
Table (1): MUSIC and MVDR algorithms Results
The second step is to generate a new steering vector according to the estimated DOAs. Then, by applying cross correlation between the detected signals received by the antenna array elements and the reference signal, it was found that the desired user is located at the direction of + 33°. Now, this information of the new steering vector at the obtained direction of the desired user was fed as initial weights to the APA algorithm. This is done firstly to enhance the accuracy of the DOA of the desired user direction measured by the DOA algorithm. Secondly, after that enhancing the DOA result by adjusting the adaptive weights of the adaptive APA beam forming filter to generate a beam in the direction of the desired user and nulls towards the interferes. Figure ( 3) depicts how the APA algorithm gets the optimum weights after less than 100 iterations where the error is reduced to the minimum. Table ( 2) shows the obtained estimated DOAs in form of eighteen roots at SNR = 0 dB and SNR = -10 dB, due to that there is no need for a threshold level to limit the number of the resultant peaks in the case of using the Root MUSIC algorithms. Then, by applying the cross correlation function and using the APA algorithm for adjusting the weights of the antenna elements, the accuracy of the estimated DOA is significantly improved. 
DOA Algorithm SNR

Conclusions:
The implementation of SDMA is the key element to meet the exponentially increasing demand on the limited resources in mobile communications. Knowing the direction of the users provides the possibility of using scheduling and frequency reuse techniques more efficiently. 12 In this paper, a novel method has been introduced to identify the desired user for SIMO-OFDM systems from the interfering signals. This was achieved by applying the cross correlation concept between the received signals and the reference signal which is known by the transmitter and receiver. Also, by implementing a fast adaptive processor unit such as the APA algorithm which has a fast convergence rate with minimum square error, the accuracy of the obtained DOA of the desired user was improved by determining the optimum complex weights. This in turn maximizes the signal to the interference ratio via suppressing the signal from the interference sources. The beamforming technique has been used to generate a beam towards the desired user and a null in the directions of interferes. At low SNR below 0 dB the accuracy of the MVDR, MUSIC, and the Root MUSIC algorithms is degraded but our simulation results show that after applying the fast adaptive APA algorithm, the performance of the DOA algorithms was improved.
